Abstract Nab-paclitaxel (nab-PTX) is a nanoparticle albumin-bound paclitaxel and, as such, is free of solvents like ethanol and polyoxyethylene castor oil. The absence of solvents from this formulation has several practical advantages: it has a shorter infusion time, it negates the need for premedications for hypersensitivity reactions, and it can be administered to patients with alcoholic hypersensitivity. It is thought that nab-paclitaxel will be in widespread use in the near future because of its convenience and efficacy. Here, we report the case of a breast cancer patient who developed hemorrhagic cystitis potentially due to treatment with nab-paclitaxel. The patient was 69-year old lady with stage IIB left breast cancer. She was due to undergo neoadjuvant chemotherapy and started weekly treatment with nab-paclitaxel. On the second day of the first cycle of treatment, she experienced symptoms of cystitis, but was not hemorrhagic and the symptoms were managed with antibiotics. After the third cycle, the symptoms of cystitis became severe, and she was diagnosed with hemorrhagic cystitis and discontinued chemotherapy with nab-paclitaxel. This is the first case report of hemorrhagic cystitis associated with nab-paclitaxel.
Introduction
Paclitaxel is one of the most effective cytotoxic agents used to treat breast cancer. Nab-paclitaxel (nab-PTX) is a nanoparticle albumin-bound paclitaxel and, as such, is free of solvents like ethanol and polyoxyethylene castor oil [1] . The absence of solvents from this formulation has several practical advantages: it has a shorter infusion time, it negates the need for premedications for hypersensitivity reactions, and it can be administered to patients with alcoholic hypersensitivity [1, 2] . This drug was first approved by the U.S. Food and Drug Administration in 2005, the European Medicines Agency in 2008, and the Japanese Pharmaceuticals and Medical Devices Agency in 2010 for breast cancer cases. More recently, positive results were published from a phase III trial in first-line non-small-cell lung cancer (NSCLC) [3] and advanced pancreatic cancer as a less toxic alternative to FOLFIRINOX [4] . Preliminary data also suggest possible applications of nab-paclitaxel as in combination therapies not only for breast cancer, but also for other types of cancer [5] .
In a randomized phase III study in metastatic breast cancer, 3-week cycles of nab-paclitaxel was found to have improved efficacy and safety profile compared with conventional 3-week cycles of solvent-based paclitaxel [6] . However, in one phase III randomized study in advanced breast cancer, nab-paclitaxel given once per week was not superior compared with weekly solvent-based paclitaxel treatment [7] . In the other randomized phase III study of neoadjuvant chemotherapy for early breast cancer patients, substituting solvent-based paclitaxel with nab-paclitaxel on a weekly basis significantly increased the proportion of patients achieving a pathological complete response rate after anthracycline-based chemotherapy, most significantly in triple negative breast cancer patients [8] . Thus, the ideal target, dosing, treatment setting and schedule of nab-paclitaxel for breast cancer patients remain controversial, and further clinical trials are now ongoing and thought that nabpaclitaxel will be in widespread use, in the near future because of its convenience and efficacy. The most common adverse events reported in clinical trials were similar to those of conventional paclitaxel, such as alopecia, rash, sensory neuropathy, neutropenia, fatigue, and arthralgia [3, 9] . Here, we report one case of a very rare adverse event of hemorrhagic cystitis related to nab-paclitaxel use. We also discuss the incidence of hemorrhagic cystitis caused by taxane treatment.
Case report
A 69-year-old healthy woman with a left breast lump, that she had noticed 1 month earlier, was referred to our hospital from her local doctor. The left breast mass was 30 mm in diameter with positive dimpling sign in the upper outer quadrant by physical examination. The diagnosis of breast cancer was obtained from a core needle biopsy. Further imaging study with mammography, ultrasonography, and magnetic resonance imaging (MRI) revealed a mass with indistinct margin measuring 35 mm (Fig. 1a) . A computed tomography scan revealed no distant metastasis, although several lymph nodes in the left axilla were clearly swelling indicating metastasis. Serum tumor markers of carcinoembryonic antigen (CEA) and carbohydrate antigen 15-3 (CA15-3) were within normal limits. The pretreatment detailed diagnoses indicated the tumor as invasive ductal carcinoma, and the cancer was shown by immunohistochemical study to be positive for estrogen receptor (ER) and progesterone receptor (PR) expression, and negative for human epidermal growth factor receptor type 2 (HER2), and was classified as clinically T2N1M0 stage IIB. The patient was alcohol intolerant, and had a past history of cystitis, but the cystitis was inactive at this time. She had a family history of breast cancer-her elder sister having developed breast cancer in her 40 s.
The treatment of this patient was planned to undergo neoadjuvant chemotherapy with taxane for 4 cycles followed by fluorouracil, epirubicin, and cyclophosphamide (FEC) for 4 cycles. Nab-paclitaxel was chosen as a taxane treatment instead of conventional paclitaxel or docetaxel, because she was alcohol intolerant, and nab-paclitaxel was to be administered at a dose of 150 mg/m 2 intravenously on days 1, 8, and 15, and every 28 days for 4 cycles. The first cycle of nab-paclitaxel was administered at a dose of 150 mg/m 2 with 1 mg of granisetron hydrochloride, but without any antiallergic premedication. The patient experienced urinary incontinence, urination ache and gross hematuria on the second day of the first cycle of nab-paclitaxel administration, and she visited local urologist (Fig. 2) . She was diagnosed with cystitis and started to take cefcapene pivoxil orally at a dose of 300 mg per day. On day 5, the patient visited us exhibiting exanthem on the trunk, upper body, and neck. At presentation, the cystitis was not evident, and the grade 2 exanthema, according to NCI-CTC criteria, was thought to have been a side effect of the cefcapene pivoxil or nab-paclitaxel, so the antibiotics were stopped and oral loratadine at 10 mg/day was administered for 4 days. On day 8, exanthema had improved to grade 1, and there was no sign of cystitis. Nabpaclitaxel was administered at reduced dose of 125 mg/m 2 with antiallergic medication of oral dexamethasone (2 mg/day) for 3 days, and oral fexofenadine 60 mg/day for 7 days. On day 10, the urinary incontinence and urination ache returned, and the patient visited her local urologist again. She was again diagnosed with cystitis and prescribed oral levofloxacin at 500 mg/day. On day 15, with exanthema at grade 0, and cystitis at grade 1, nab- paclitaxel was administered at a dose of 125 mg/m 2 together with dexamethasone at 2 mg/day for 3 days, and oral fexofenadine at 60 mg/day for 7 days. On day 23, the patient visited her local urologist, having noticed macroscopic hematuria and experiencing continuous urination ache. The local urologist referred the patient to the urologist at our hospital. Urine analysis detected occult bleeding 3?, protein 3?, and leukocyte-. The patient underwent a cystoscopy, which revealed edema of the mucous membrane, causing inflammation and bleeding (Fig. 3) . Bladder capacity was reduced to approximately 100 ml, but neither blood clots nor bladder tumors were detected, and urine cytodiagnosis revealed no malignant cells. The patient was diagnosed with drug-induced hemorrhagic cystitis caused by nab-paclitaxel. Bladder washing and oral prednisolone treatment (7.5 mg/day) were provided ( Fig. 2) . The hemorrhagic cystitis was relieved after 2 weeks, and tumor shrinkage was observed by ultrasonography (Fig. 1b) . The continuation of the neoadjuvant chemotherapy was considered to be inappropriate, and the choice of immediate surgery or neoadjuvant hormonal treatment was proposed. The patient chose further preoperative treatment with aromatase inhibitor. After 6 months of hormonal treatment, she underwent right mastectomy and axillary lymph node dissection. The pathological findings revealed minimal invasive residual disease of 4 9 2 mm, and surrounding intraductal component of 28 9 18 9 5 mm. There was no lymph node metastasis (0/26). The cancer cells were positive for ER and PR and negative for HER2 by IHC, and classified as ypT1aN0M0, stage I. The patient underwent adjuvant radiotherapy of 50 Gy in 25 fractions to the right conserved breast, then boost of 10 Gy in 5 fractions to the tumor bed, and was given an aromatase inhibitor.
Discussion
Nab-paclitaxel is an anticancer cytotoxic agent approved for the treatment of breast cancer. Paclitaxel, a member of the taxane family of microtubule-stabilizing agents and the first licensed formation of paclitaxel (CrEL-paclitaxel), has been used for over 20 years, but its hydrophobic nature results in poor solubility. The CrEL formulation can cause hypersensitivity reactions, and to avoid this adverse effect, additional use of steroids and antihistamines is recommended [10] . Nab-paclitaxel improves the pharmacokinetic properties of paclitaxel, which is thought to increase its antitumor effects [11] . In fact, clinical trials have shown that the efficacy of nab-paclitaxel is significantly better than that of CrEL-paclitaxel with almost every safety profile [6] . Hemorrhagic cystitis is a serious complication that can occur in patients undergoing treatment with cytotoxic drugs for cancer. It is known that the risk of developing acute hemorrhagic cystitis is related to the duration of the contact time with cytotoxic drugs, and their concentration or dose [12] . It is also known that long-term oral administration of a lower dose of cytotoxic drugs may induce late-onset hemorrhagic cystitis [13] . Besides hematuria, the common symptoms of hemorrhagic cystitis are the same as nonhemorrhagic cystitis, such as frequent urination, difficulty in urination, compelling need to urinate, and pain on urination. However, it is not uncommon to suddenly develop asymptomatic gross hematuria without such prior symptoms. The removal of blood clots in the bladder, continuous bladder irrigation with normal saline, and adequate hydration, are the first choice for treatment. Hyperbaric oxygen therapy is reported to be effective with radiation-induced hemorrhagic cystitis, and is also expected to be of benefit in the treatment of drug-induced hemorrhagic cystitis, but this is yet to be reported and needs further research [14] . Although it may not be considered as a standard treatment, there is a report that steroid therapy is effective in the treatment of radiation-induced hemorrhagic cystitis [15] .
Cyclophosphamide, ifosfamide, and busulfan are well known to be causative drugs of hemorrhagic cystitis [16] , but reports on taxane-related hemorrhagic cystitis are very rare. In the Japanese postmarketing surveillance report of nab-paclitaxel for breast cancer patients (n = 934), only one case of grade 1 urinary incontinence and 2 cases of grade 1 hematuria were reported, but there have been no cases reported of hemorrhagic cystitis [17] . Nippon Kayaku reports the adverse events by 'Paclitaxel dNKc', generic drug of solvent-based paclitaxel. In the report, among 2186 adverse events in 1688 patients, 6 cases of hemorrhagic cystitis including 1 case as severe adverse event were reported [18] . In regard to other taxane, a 73-year-old man with bone metastasis from prostate cancer was reported to have developed hemorrhagic cystitis after the third cycle of docetaxel treatment. The patient ceased docetaxel treatment, undertook bladder irrigation, and recovered after 2 weeks [19] . Four cases of hemorrhagic cystitis during cabazitaxel for metastatic castration-resistant prostate cancer treatment have been reported. Those 4 cases were previously treated with pelvic radiation therapy, and it was speculated that those were due to a radiation recall syndrome induced by cabazitaxel [20] . We believe that the present case is the first report of hemorrhagic cystitis caused by nab-paclitaxel.
The metabolism of nab-paclitaxel does not provide an explanation for the occurrence of hemorrhagic cystitis. In a pharmacokinetic research, a much higher fraction of unbound paclitaxel in blood was demonstrated for nabpaclitaxel versus solvent-based paclitaxel (6.3 vs. 2.4 %, p \ 0.001) [21] . Hepatic metabolism (CYP2C8 forming major metabolite and minor metabolites via CYP3A4) accounts for majority of elimination of nab-paclitaxel, while renal excretion of unchanged nab-paclitaxel accounts for about 4 % [22] . There was no obvious hepatic dysfunction for this patient, but a past history of usual cystitis could have been a possible cause for this adverse event.
Conclusion
We report herein a case of hemorrhagic cystitis that occurred during nab-paclitaxel treatment of a breast cancer patient. Physicians should be aware that hemorrhagic cystitis is a potential adverse event related to taxane treatment.
